Objective Comparisons of the changing patterns of inequalities in occupational mortality provide one way to monitor the achievement of equity goals. However, previous comparisons have not corrected for numerator/denominator bias, which is a consequence of the different ways in which occupational details are recorded on death certificates and on census forms. The objective of this study was to measure the impact of this bias on mortality rates and ratios over time. Methods Using data provided by the Australian Bureau of Statistics, we examined the evidence for bias over the period , and used imputation methods to adjust for this bias. We compared unadjusted with imputed rates of mortality for manual/ non-manual workers. Findings Unadjusted data indicate increasing inequality in the age-adjusted rates of mortality for manual/non-manual workers during . Imputed data suggest that there have been modest fluctuations in the ratios of mortality for manual/non-manual workers during this time, but with evidence that inequalities have increased only in recent years and are now at historic highs. Conclusion We found that imputation for missing data leads to changes in estimates of inequalities related to social class in mortality for some years but not for others. Occupational class comparisons should be imputed or otherwise adjusted for missing data on census or death certificates. 
Introduction
While there is consistent evidence for socioeconomic inequalities in mortali i ity in Australia, 1, 2 studies that seek to "track" the changing magnitude of those inequalities over time confront substantial methodological problems. Data on occupational categories and on area characteristics have been used to assess changes related to social class in mortality over time. Occupational data have provided the longest timeiseries which, for England and Wales, provide comparisons from 1921 to the 1990s. 3 These data point to substantial temporal changes in classirelated inequalities in mortality in England and Wales, with ini i equalities being lowest during the 1940s and increasing since that time.
The validity of data on occupational mortality has, however, been a source of increasing concern. The basis of this concern involves changes in patterns of workforce participation over time (for example, in recent years there has been a substantial reduction in the number and proportion of manual workers in the workforce). Timeirelated changes in patterns of employment are likely to be associated with timeirelated changes in the numerator and denominator used to calculate rates of occupational mortality. Numerator/denominator bias in studies comparing socioeconomic inequalities in mortality over time has been described by a number of researchers. [4] [5] [6] The main concern involves the different criteria used to record occupation at census and on death certificates. The number of peri i sons "exposed" is derived from successive censuses. In Australia (and generally elsei i where), the relevant census question notes the current occupation, which is ascribed a class (or socioeconomic) category. In contrast, occupation as recorded at death certification is based on the last known (or, depending upon particular governi i ment requirements, sometimes "usual") occupation of the deceased.
Class inequalities in mortality are likely to reflect changes in the rate of workforce participation over time, particularly if those persons who are out of the workforce are disproportioni i ately from a particular socioeconomic group. Changing demographic trends in Australia clearly point to a substani i tial increase in female employment over time, to changes in the types of work available and to an increase in the numbers of people who have left the Special Theme -Estimating Mortality Gail M Williams et al.
Numerator/denominator bias and inequalities in occupational mortality workforce, or are not attached to it on a fullitime basis. 7 All of these changes may have an impact on comparisons of classirelated inequalities in mortality over time. For example, in periods of high unemployment, there would be a decrease in the number of people emi i ployed in particular occupations, but no commensurate decrease in the number of deaths of persons previously employed in those occupations. An occupation may be included on the death certificate (because the person was employed in the past), but the same person may not be described as employed according to their replies to questions about occupation on the census (e.g. unemployed, retired). The effect of such a bias could be to inflate the rate of mortality for the most economically disadvantaged groups of people in periods of higher unemployment.
De Looper & Magnus 2 provide the longest timeiseries trends in male mori i tality by occupational group available in Australia. Comparing ageistandardized mortality ratios for 1966-2001, they found that the rate of mortality for male manual workers in 1966 was 20% higher than that for nonimanual workers and that this difference had increased to 60% by 2001. 2 The rate of increase was not steady over this period of time; there was a narrowing of "class" inequalities in the mid 1990s. Of course, it would be useful to know whether these inequalities were affected by the changing demographic patterns in Australia during this time period. 
Methods
The Australian Bureau of Statistics provided the numbers of causeispecific deaths in each year (1981-2002 inclusive) and population counts for each census year (1981, 1986, 1991, 1996 and 2001) for males only, by age and occupation group. Population counts for nonicensus years were estimated by assuming a coni i stant annual rate of population growth between census years within each age-oci i cupation group, calculating this rate from the census data, and applying this to each nonicensus year. Rates were standardized to the population age distribution of Australian males in 1996.
Population (denominator) data are limited to those persons in the labour force. The labour force is defined as persons aged 15 years and above who are employed, or who are looking and availi i able for work. 8 Occupation as described Table 3 are impori i tant. Firstly, for the age group 15-24 years, more recent census data indicate that almost half the population are out of the workforce, an increase of about one third since 1981. Interestingly, for the same age group, the number of deaths of persons categorized as not (currently) employed has almost doubled. The age group 60-64 years is also of concern; the percentage of males not (currently) employed in the population is almost twice that of male deaths similarly clasi i sified. The data suggest that changes in the numerator and denominator for men not (currently) employed over the period 1981 to 2001 are substantial for those men aged 15-24 years, and that there remain major concerns regarding the classification of males aged 60-64 years. To enable consistent comparisons of socioeconomic inequalities in mortali i ity over time to be made, it would seem appropriate to limit the comparisons to men aged 25-59 years.
Even if comparisons are limited to the age group 25-59 years, the proportion of males not (currently) employed varies over time depending upon whether one is considering census numbers or death registrations. However, these variations are not as great as in the other age groups, and could be addressed by making imputations based upon other available data.
Given that the relative proportion of the population and deaths of those not (currently) employed varies over time, how might these variations affect estimates of inequalities in mortality? The Australian Table 4 presents manual/nonimanual mortality ratios for three sets of compari i ison. The first comparison is the "usual" presentation of ageistandardized rates of mortality for males aged 15-64 years, excluding all males "out of the worki i force". While rates of mortality have decreased for both manual and noni manual workers, the decrease for noni manual workers is consistently greater. The second comparison is similar to the first, but with the exclusion of males aged 15-24 and 60-64 years. This exclusion has no apparent effect on trends in the relative mortality of manual/nonimanual workers over time. The third comparison is for males aged 25-59 years with inclusion of those "out of the workforce". Imputation is used to reallocate those males who in either the numerator or denominator are categoi i rized as not (currently) employed. It is interesting to note here that this process has only a marginal impact on the agei standardized rates of mortality in recent years. However, this process of imputai i tion clearly has a substantial impact on rates of mortality at some times (e.g. in the early 1980s and in the early 1990s) when there were substantial shifts in the relative proportion of males in the numerator and denominator who were not in the workforce. The overall consei i quence of this process of adjustment for those not in the workforce is to reduce the magnitude of manual/nonimanual
Results

Special Theme -Estimating Mortality Gail M Williams et al. Numerator/denominator bias and inequalities in occupational mortality
inequalities in mortality for some of the years being compared. Table 5 presents the manual/noni manual mortality ratios for 1981-2002. These parallel the findings in Table 4 , suggesting that restricting the manual/ nonimanual comparison to males aged 25-59 years makes no material difference to the findings, while the reallocation of those "out of the workforce" to manual/ nonimanual categories changes some of the estimates of mortality inequalities but not others. The effect of imputation is to suggest that inequalities in mortality of manual/nonimanual workers were not as great as indicated in other estimates, nor did they increase in the way that these estimates suggested. Taking the mean ratios as a guide, for the age group 15-64 years the ratio of manual to noni manual mortality has increased from 1.53 in the 1980s to 1.73 in the 1990s and to 1.90 in 2000-02. Imputation for the "not (currently) in employment" group suggests that there was little change in socioeconomic inequalities in mortality ratios in the 1980s and 1990s, but an increase in the period 2000-02. The data are consistent in suggesting that socioeconomic inequalities in occupai i tional mortality are at historic highs.
Discussion
Changes in socioeconomic inequalities in mortality are a way of monitoring the overall consequences of the social, economic and political changes that oci i cur in a society. Despite concerns with numerator/denominator bias associated with estimates of occupational mortality over time, unadjusted data continue to be published.
1,2 Without adjustment, some findings are likely to be misleading.
In order to understand the impact of changes in the numerator/denominator over time, we have presented three sets of mortality calculations. Firstly we have prei i sented ageistandardized rates of mortality for males aged 15-64 years. These indicate that while there has been a decline in rates of mortality for manual and nonimanual workers, the decline for nonimanual workers has been substantially greater. The data here points to a linear increase in manual/non manual mortality ratios duri i ing 1981-2002. This finding is consistent with recent publications.
1,2
Secondly, we compared ageistani i dardized mortality rates for males aged 25-59 years. The exclusion of those aged 15-24 and 60-64 years was intended to address the two age groups containing the largest proportions of males who were out of the workforce, and for which concerns about numerator/denominator were most evident. Restricting comparisons to those aged 25-59 years, in effect, produces identical findings to those derived withi i out the exclusion of these age groups.
Thirdly, for the age group 25-59 years, we have presented imputed agei standardized mortality rates and ratios. The process of imputation involved redistributing those males not in the workforce both in the numerator and denominator according to proportions derived from national workforce surveys 
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of those "out of the workforce". Here the effect of imputation was to change estimates of mortality inequalities in the early 1980s, and 1990s, with the consei i quence that there is little evidence for changes in mortality inequality between manual/nonimanual workers until the late 1990s and early 2000s. Overall, one could still conclude that there had been increasing occupational class mortality inequalities over the period 1981-2002, but with the caveat that the increases were of a modest magnitude and only evident from about 1998 onwards.
Conclusion
There is evidence that numerator/ denominator bias influences comparii i sons of rates of socioeconomic (occupai i tional) mortality over time. While all estimates of socioeconomic inequalities in mortality are affected by the different ways in which the census and death certificates derive occupational data, the magnitude of this effect changes over time, rendering comparisons subject, in some instances, to substantial bias. This paper presents a method for imputing occupational categories to those not (currently) emi i ployed, arguably minimizing the impact of the occupational coding problems noted above. The imputed data broadly confirm the findings derived from the noniimputed data, although the former differ in a number of specific details. O Competing interests: none declared. Objetivo La comparación a lo largo del tiempo del perfil de las desigualdades en mortalidad ocupacional es una manera de controlar los objetivos de equidad. Sin embargo, en las comparaciones realizadas hasta ahora no se ha corregido el sesgo numerador/denominador que se produce como consecuencia de los distintos métodos utilizados para registrar los datos ocupacionales en los certificados de defunción y en los formularios de los censos. Métodos Empleando datos proporcionados por la Oficina de Estadísticas de Australia, examinamos la evidencia de posibles sesgos durante el periodo 1981-2002 y aplicamos métodos de imputación para introducir los ajustes correspondientes. Comparamos las tasas de mortalidad no ajustadas con las imputadas para trabajadores manuales y no manuales.
Resultados Los datos no ajustados muestran una desigualdad creciente en las tasas de mortalidad ajustadas por edad para los trabajadores manuales y no manuales durante 1981-2002. Los datos imputados llevan a pensar que se han producido fluctuaciones moderadas de las razones de mortalidad para los trabajadores manuales y no manuales durante este tiempo, pero hay indicios de que las desigualdades han aumentado sólo en los últimos años y se encuentran ahora en máximos históricos. Conclusión Hallamos que la imputación de datos faltantes altera las estimaciones de las desigualdades en mortalidad relacionadas con la clase social en algunos años pero no en otros. Las comparaciones por clase ocupacional deberían realizarse tras imputar o ajustar de otro modo los datos que falten en los censos o los certificados de defunción.
